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(54) REACTION APPARATUS
(57)Abstr*ct:

PURPOSE; To achieve uniform end high reaction ratio, by
dividing a reaction vessel into a plurality of cells by stationary

type dispersing plates which are provided to the inner wall of

said reaction vessel and have partitioning effect.

CONSTITUTION: A reaction vessel 1 is equipped with a jacket

and can be heated or cooled according to necessity end divided

into four ceils by stationery type dispersing plates 5 which are

provided to the inner wail of said vessel 1 and have partitioning

effect. Bach dispersing plate 5 has an opening pert formed
around a stirring shaft so as to surround said shaft 3 so as to

leave a gap therefrom. Bach stirring blade is rotated in a

direction so as to make liquid flow opposite to the entire flow

direction of the liquid in the reaction vessel 1 by rotating the

blade.
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(54) REACTOR FOR UQUID-LIQUID DIFFERENT PHASES
(57)Abstract:

PURPOSE: To improve efficiency of reaction, by providing
partition plates of a structure in which a light liquid phase and
heavy liquid phase are moved at suitable speeds in the reactor
and carrying out continuous series multistage reaction in one
vessel of the reactor.

CONSTrrirnONt For example, the interior of a vessel 1 is

divided into two or more compartments 3, 4 end 5 with
partition plates 27 and 27 having many holes and the interiors

of the respective compartments 3. 4 and 5 are divided into the
interior and exterior with intermediate watts 8 to provide
stirrers in the interiors in a reaction vessel for carrying out
reaction in a light liquid phase and heavy liquid phase, such as

hydrolysis of oils end fets with lipase, synthesis of oils and fits

and various esteralcation reactions. An introduction port 27 for

the heavy liquid phase and an overflow port 29 for the light

liquid phase are provided in the upper part of the compartment 5 in the topmost layer. An
introduction port 9 for the light liquid phase and outlet 30 for the heavy liquid phase are

provided under the compartment 3 in the lowermost layer.
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Specification

1 . Title of the Invention

25 Liquid/Liquid Hetero-Phase Reaction Apparatus
2. Patent Claim

1. A liquid/liquid hetero-phase reaction apparatus for two liquid

phases with different relative density that are insoluble or difficult to

dissolve in one another, which is vertically partitioned into at least two

30 compartments by partition plates having holes, wherein the

compartments are provided with a middle wall partiuoriing them into

inside and outside, wherein an agitator is attached to the inner

compartment portion, wherein the uppermost compartment is provided

at its upper portion with a heavy liquid face introduction port and a

35 light liquid phase overflow port, wherein the lowermost compartment is

provided with a light liquid phase introduction port below the agitator,

and wherein the lowermost compartment is provided with a heavy liquid

phase outlet port.

3. Detailed Description of the Invention

40 [Field of Application in the Industry]

The present invention relates to reaction apparatuses, in which,

in liquid/liquid hetero-phase reaction systems, a continuous multi-

stage reaction is carried out while stirring and mixing the hetero-

phases, and moreover, the hetero-phases are continuously separated in

45 the same reaction vessel during the reaction, and the reaction product

is obtained with high efficiency.

[Prior Art Technology and Problems Thereof]

1



[Translation Japanese English ofJP 01-108972A]

In the chemical industry, chemical reactions are for the most
part hetero-phase (gas/liquid, gas/solid, liquid/solid, liquid/liquid,

solid/solid) reactions, and in liquid/liquid hetero-phase reactions,

which are one type of these, a large number of advantageous reactions

5 are included. Examples of these are the hydrolysis of oils with lipase,

the modification of oils, the synthesis of oils and synthesis reactions of

various esters, the various peptide synthesis reactions that can be seen
for example in the synthesis of the artificial sweetener aspartame using
protease, or nitration reactions of organic compounds, sulfonation

10 reactions and alkylation reactions. These hetero-phase reactions are
generally performed by batch processing, in which the reaction is

carried out as a fine emulsion in order to increase the reaction
efficiency, and after a predetermined reaction rate has been reached,
the reaction is stopped, and then the reaction products are recovered by

15 separation into the respective phases. Furthermore, it is also possible

to continuously supply the ingredients and to carry out a continuous
reaction, but in this case a step of separating the emulsion becomes
necessary in addition to the reaction vessel.

Thus, in reactions with liquid/liquid hetero-phase dispersion

20 systems that cannot be dissolved into one another, it is necessary to

separate the reaction system after the reaction back into the individual

phases, and common examples of methods for this are stationary
separation, centrifugation, or separation methods involving membranes,
but when these separation steps are combined after the reaction, then

25 the separation becomes complicated system-wise and moreover
expensive, making industrial use problematic.

The inventors of this invention have already proposed a
continuous reaction method with which the separation of the reaction

products can be performed simultaneously while sustaining a high
30 reaction rate in an enzymatic or microbial liquid/liquid hetero-phase

reaction system (see Patent Application No. 61-122994). However, most
chemical and biochemical reactions are reactions whose reaction speed
decreases as the reaction rate increases, and the reaction speed can be
expressed as a decay function of the reaction rate. In such reactions, in

35 particular when continuously reacting while sustaining a high reaction
rate, a tubular reaction vessel is more effective than a complete
blending-type reaction vessel. That is to say, also in Patent Application
No. 61-122994, in order to sustain a high reaction rate, the reaction

speed becomes slow, so that a long residence time is required, and a
40 large reaction volume becomes necessary in order to ensure the

production speed. Furthermore, with complete blending-type reaction

vessels, it is possible to largely overcome the drawbacks compared to

tubular reaction vessels by lining up a number of reaction vessels in a
straight line to form a multi-stage system, but this requires a large

45 number of reactors, and is therefore complicated system-wise and not
preferable in practice.

2



[Translation Japanese English of JP 01-108972AJ

[Means for Solving the Problems]

In order to solve the above-described problems, the inventors

have performed research with the goal of developing a reaction vessel in

which a reaction can be carried out with high efficiency without loosing

5 the features of the reaction method in Patent Application No. 61-

122994, i.e. the feature of carrying out the separation of the two phases
simultaneously with the reaction, and that is moreover based on the

characteristics due to the different types of reaction vessels as explained
above. As a result, an efficient reaction vessel was developed, in which

10 a continuous serial multi-stage reaction can be performed in one
reaction vessel by providing it with partition plates having such a
structure that a light liquid phase and a heavy liquid phase are

vertically movable within the reaction vessel at a suitable speed.

That is to say, the present invention provides a liquid/liquid

15 hetero-phase reaction apparatus for two liquid phases with different

relative density that are insoluble or difficult to dissolve in one another,

which is vertically partitioned into at least two compartments by
partition plates having holes, wherein the compartments are provided
with a middle wall partitioning them into inside and outside, wherein an

20 agitator is attached to the inner compartment portion, wherein the
uppermost compartment is provided at its upper portion with a heavy
liquid face introduction port and a light liquid phase overflow port,

wherein the lowermost compartment is provided with a light liquid

phase introduction port below the agitator, and wherein the lowermost
25 compartment is provided with a heavy liquid phase outlet port.

The present invention provides a device, in which a continuous
serial multi-stage reaction can be performed by partitioning the reaction

vessel into stages with partition plates having such a structure that the

light liquid phase and the heavy liquid phase are vertically movable
30 within the reaction vessel at a suitable speed, in a reaction vessel, in

which the light liquid phase and the heavy liquid phase serving as the

reaction ingredients, or the reaction ingredients present in the light

liquid phase and/or the heavy liquid phase are converted into the

reaction products, and the reaction products present in the light liquid

35 phase and/or the heavy liquid phase of the non-blended portion can be
retrieved, by blending the light liquid phase and the heavy liquid phase
near their interface while leaving portions of the light liquid phase and
the heavy liquid phase that do not blend in the reaction vessel, in which
the light liquid phase and the heavy liquid phase exist separated into

40 two vertical layers.

Consequently, with the present invention, a more compact
reaction vessel can be realized for a two-phase hetero-phase reaction,

and moreover a superior reaction method can be established, in which
the separation of the two phases can be carried out simultaneously with

45 the reaction.

A preferable embodiment of the present invention is explained in

3



[Translation Japanese English of JP 01-108972A1

more detail with reference to the drawings, taking as an example a
liquid/liquid two-phase reaction between an aqueous solution as the
heavy liquid phase and a non-aqueous solution phase with a specific

gravity that is smaller than water as the light liquid phase. As the

5 reaction example, a liquid/liquid two-phase reaction expressed by A + B
C + D (wherein A and B are the reaction ingredients, and C and D are

the reaction products. A and C are water-soluble, and B and D are
non-water-soluble) is explained with reference to Fig. 1. Fig. 1 shows
an example of a reaction vessel having the features of the present

10 invention. From the bottom of the reaction vessel 1, 2 is an aqueous
phase, and 3, 4 and 5 are reaction portions, partitioning the reaction
vessel 1 into three compartments with partition plates 27. If the
number of compartments is large, then the efficiency improves, but the
device also becomes complicated and expensive. Consequently, 2 to 10

15 compartments are preferable. In order to form a fine emulsion of the
non-aqueous solution phase and the aqueous phase and react them
efficiently, the two phases are blended by helical screw-type agitator

blades 25 having a draft tube 8 in the portions that are partitioned by
partition plates. 6 is the non-aqueous solution (light liquid) phase. As

20 shown in Fig. 1, when the uppermost portion and the lowermost portion
of the reaction vessel are respectively provided with baffle plates 10 and
22, then complete mixing of the liquid at the uppermost portion and the
lowermost portion of the reaction vessel can be prevented, and a portion
at which the non-aqueous solution phase and the aqueous phase are in

25 a separated state can be formed, which is preferable.

The reaction ingredient A (aqueous phase) and the reaction
ingredient B (non-aqueous solution phase) are fed with pumps 19 and
18 at a constant ratio from a reaction ingredient (aqueous phase)
storage tank 16 and a reaction ingredient (non-aqueous solution phase)

30 storage tank 17 through an aqueous (heavy phase) introduction port 28
and a non-aqueous solution (light phase) introduction port 9 into the
reaction vessel. The aqueous and the non-aqueous solution can be fed

in as concurrent flows or as countercurrent flows, but ordinarily it is

preferable that they are fed in as countercurrent flows.

35 For the partition plates partitioning the inside of the reaction
vessel, partition plates are used with which the blending of the liquids

at the upper portion and the lower portion, with the partition plates as
the borders, is as low as possible, and when a non-aqueous solution
and water are supplied continuously, their traveling speeds are

40 compatible with those supply speeds. That is to say, most preferable
are partition plates, with which the liquid phases move vertically at just
the supply speed of the non-aqueous solution and the water. There is

no particular limitation regarding the shape and the material of the
partition plates, as long as the above-described conditions are met, and

45 plates with the shape of, for example, bubble trays, bubble-cap trays or
perforated trays used for tray towers for distillation or extraction or the

4
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like can be used. For the material, stainless steel, glass, ceramics or

synthetic resins or the like can be used.

The uppermost compartment is provided with an overflow port

29 for the non-aqueous solution (light liquid phase), and the lowermost

5 compartment is provided with a water (heavy liquid phase) outlet port

30, and the production materials D and C are retrieved from these

outlet ports.

Using the method of the present invention, the separation of the

production materials can be performed simultaneously with the

10 reaction, so that batch operation is, of course, possible, but also

continuous reactions or semi-continuous reactions in which the

reaction ingredients are supplied while continuously extracting the

production materials can be performed. Furthermore, by partitioning

the inside of the reaction vessel into several stages with partition plates

15 and preventing the complete blending of the liquids, an efficient

reaction can be performed, the reaction time can be shortened, the

reaction vessel can be made smaller, and the concentration of the

reaction products can be increased, for example.

If a draft tube 8 serving as the middle wall and mixing blades 25
20 as shown in Fig. 1 are used, then there is no particular limitation

regarding the diameter of the draft tube, and the diameter can be

decided in accordance with the reaction to be performed, but it is

preferable that the diameter is 5 to 90% of the diameter of the reaction

tank. The rotation speed of the agitator blades should be set such that

25 the lower layer in the reaction vessel is stirred up well, the non-aqueous
solution phase and the aqueous phase blend near their interface, and
moreover portions remain at the top and the bottom of the reaction

vessel where the non-aqueous solution phase and the aqueous phase
are not mixed.

30 As shown in Fig. 1, it is also possible to use a filler 7. In that

case, there is no particular limitation to the form of the filler, and it is

possible to fill, for example, with fillers such as Raschig rings, Lessing

rings, Berl saddles, Intalox saddles, and pall rings, which are used
generally and ordinarily as fillers, or with cylindrically shaped nets.

35 There is no particular limitation to the material, and fillers made of

metal, porcelain and plastic can be used, for example.

Using a filler increases the contact efficiency between the

aqueous phase and the non-aqueous solution phase, and in systems

using a catalyst or a biocatalyst such as enzymes or microorganisms,

40 the contact efficiency between the catalysts and the reaction ingredients

is improved, and an efficient reaction can be performed. However, if

these conditions are met even without using a filler, then it is not

necessary to use a filler.

If the reaction is performed using this reaction vessel and with

45 an ordinary chemical catalyst or a biocatalyst such as enzymes or

microorganisms, then the catalysts used for the reaction may be

5
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maintained within the reaction vessel with high efficiency, but they are

sometimes dissolved somewhat in the aqueous phase or the non-
aqueous solution phase. Consequently, considering the efficient use of

the catalysts and their influence on the quality of the production

5 materials, it is preferable to carry out concentration and recovery of the

catalysts.

It should be noted that in the present invention, "catalysts"

means not only ordinary chemical catalysts, but all catalysts, including

biocatalysts such as enzymes and microorganisms.

10 Examples for the efficient concentration and recovery of catalysts

include methods such as stationary separation, centrifugation and
membrane separation, but for continuous separation, it is preferable to

use an ultrafiltration membrane. Regarding the ultrafiltration

membrane to be used, there is no particular limitation regarding

15 material and shape, as long as the catalyst used for the reaction cannot
pass through it. To recover catalyst dissolved in the aqueous phase, it

is preferable to use a hydrophilic material, such as a cellulose acetate

membrane, a polyacrylonitrile membrane, a polysulphone membrane, or

a polyamide membrane. To recover catalyst dissolved in the non-
20 aqueous solution phase, it is preferable to use a hydrophobic material,

such as a polypropylene membrane, a polyethylene membrane, or a
Teflon membrane. Furthermore, membranes of inorganic materials

such as porous glass or porous ceramics can be used preferably for

membrane separation of either the aqueous phase or the non-aqueous
25 solution phase. As for shape, it is possible to use any kind of shape,

such as flat, tube-shaped, spiral-shaped or hollow fiber membranes.
The molecular weight cut-off of the ultrafiltration membrane depends
on the catalyst used for the reaction, and the membrane should have a
pore diameter that impedes the passing of the catalyst. There is no

30 particular limitation, but in general, about 3000 to 50000 is preferable.

Aqueous phase or non-aqueous solution phase not including the

catalyst should be extracted continuously by ultrafiltration, and
concentrate of the catalyst should be returned continuously or semi-
continuously to the reaction system.

35 It should be noted that if almost all of the catalyst is kept inside

the reaction vessel, and the dissolution into the aqueous phase or the

non-aqueous solution phase can be ignored, then the separation of the

catalyst by ultrafiltration is not necessary. It is further possible to fill in

a catalyst that is affixed to an insoluble carrier by various methods
40 beforehand, and also in this case, a catalyst recovery step by

ultrafiltration is not necessary. Or, it is also possible to omit the

ultrafiltration step, and to add fresh catalyst in correspondence with the

catalyst portion that has been dissolved in the aqueous phase or the

non-aqueous solution phase.

45 When such a method is used, then without carrying out special

pre-processing, the catalyst can be kept inside the reactor vessel and

6
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can be recovered and recycled with high efficiency. And without

carrying out special pre-processing, the catalyst can be retained in the

filler by adsorption or the like, or a catalyst previously subjected to an
insolubility treatment by various methods (carrier catalyst, immobilized

5 biocatalyst, etc.) is used, or no filling material is used and the catalyst

is used in free form. The method to be used should be selected in

accordance with the characteristics of the catalyst and the reaction

conditions, etc.

Features of the present invention are that in a reaction vessel in

10 which a reaction is carried out while blending two upper and lower

layers at their interfaces inside the reaction vessel, the reaction is

carried out while leaving portions where no blending occurs at an upper

layer portion and a lower layer portion in the reaction vessel, the light

liquid phase and the heavy liquid phase can be retrieved independently

15 and simultaneously to the reaction, the reaction vessel is provided with

partition plates that prevent complete mixing of the liquids in the

reaction vessel and that have a structure such that the light liquid

phase and the heavy liquid phase can travel at the same speed as their

respective supply speeds, so that an efficient reaction, that is, a

20 continuous serial multi-stage reaction can be performed in one reaction

vessel. Consequently, the production materials can be obtained

simultaneously while continuously adding reaction ingredients.

Furthermore, since the reaction is carried out continuously, the

concentration of the various production materials in the reaction vessel

25 can be held constant.

The method of the present invention can be applied to various

reactions in liquid/liquid hetero-phase systems of a light phase and a

heavy phase, such as the afore-mentioned hydrolysis reactions of oils

by lipase, synthesis of triglycerol with lipase, ester exchange reactions

30 of triglyceride, or peptide synthesis reactions with protease such as the

synthesis of the artificial sweetener aspartame (aspartylphenylalanine

methylester) from carbobenzyloxy-l-aspartlc acid and y-phenylalanine

methylester with thermolysin, and in addition to such biochemical

reactions, the present invention is also widely applicable to reactions in

35 liquid/liquid two-phase systems, such as nitration reactions,

sulfonation reactions or alkylation reactions of organic compounds, but

there is no particular limitation to these.

[Working Examples]

40 The following is an explanation of working examples of the

present invention, however the present invention is not limited to these

working examples.

Working Example 1

45 The hydrolysis of oils with enzymes using the method of the

present invention is explained. In this case, the reaction materials are

7
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oil and water, the enzyme is lipase, and the reaction products are fatty

acids and glycerin. The inventors have already found that in the course

of the hydrolysis of oils using lipase, the reaction product glycerin

contributes greatly to the stability of the lipase. According to research

5 performed by the inventors, when the glycerin concentration in the

aqueous phase of the reaction system is in the range of 10 to 40 wt%,

then the enzyme is stabilized and the oil hydrolysis proceeds favorably.

With the method of the present invention, the concentration of the

various components can be easily held constant in the various stages of

10 the reaction vessel partitioned by the partition plates and consequently,

it can be applied favorably to the hydrolysis of oil with lipase. That is to

say, by suitably adjusting the supply rates of oil and aqueous phase,

the glycerin concentration in the aqueous phase can be controlled while

sustaining a high oil break-down rate.

15 Fig. 1 shows an example of a preferable working system in

accordance to the present invention. First, the hydrolysis of soybean oil

by lipase was carried out with the reaction system shown in Fig. 1. In

this hydrolysis of oils with lipase, numeral 9 in Fig. 1 is an oil supply

nozzle, 1 1 is a fatty acid solution storage tank, 14 is a storage tank for

20 glycerine aqueous solution membrane treatment, 15 is a glycerin water

storage tank, 16 is a water storage tank, and 17 is an oil storage tank.

1 kg of broken down fatty acid (with fatty acid content of 85%)

obtained by enzymatically breaking down soybean oil, 1 kg of 15 wt%
glycerin water and 2g lipase (320000 units/g) from Candida cylindracea

25 were given into the reaction tank 1, and the reaction was performed

while keeping the reaction tank at 30°C. The ratio of the diameter of

the reaction tank to the diameter of the draft tube 8 is 10 : 6. For the

agitator blades, ribbon blades 25 as shown in Fig. 1 were used, and the

stirring was performed at a circumferential speed of about 0.5 m/sec.

30 The soybean oil (with fatty acid content of 0%) was continuously

supplied from the oil storage tank 17 into the reaction tank 1 through

the nozzle 9 at the bottom of the reaction tank 1 with a pump 18 at a

flow rate of 50 g/hr. 15 wt% glycerin water, which has previously been

put into the water storage tank 16, is continuously supplied from the

35 top of the reaction vessel with a pump 19 at a flow rate of 50 g/hr.

That is to say, the oil phase and the aqueous phase were supplied into

the reaction vessel such that their average residence time in the

reaction tank is 20 hours. A hydrolysis reaction with high efficiency is

performed without complete mixing, due to the partitioning of the

40 reaction tank into three stages with partition plates. Furthermore, by

providing baffle plates 10 and 22 at the top and the bottom of the

reaction tank, on the upper side 6 or lower side 2 thereof, fatty acid

including almost no water or glycerin water including almost no oil is

obtained. Thus, an amount of fatty acid corresponding to the supplied

45 soybean oil continuously overflowed and was retrieved from the overflow

port 29 of the light liquid phase, glycerin water was continuously

8
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extracted with a pump 20 from the outlet port 30 at the bottom of the

reaction tank, and after it has been temporarily stored in the storage

tank 14, the enzyme dissolved in the aqueous phase was concentrated

and recovered by an ultrafiltration membrane 13, and the reaction was
5 carried out while making adjustments such that the extraction amount

of glycerin water was 50 g/hr. In this working example, a

polyacrylonitril membrane (with a molecular weight cut-off of 30000)

was used for the ultrafiltration membrane, and the enzyme was
concentrated semi-continuously and returned to the reaction tank.

10 Using such a reaction apparatus, the reaction was continued

while continuously supplying soybean oil and glycerin water solution

and while continuously retrieving fatty acid solution and glycerin water

solution.

After 20 hours, (equal to the average residence time in the

15 reaction tank), the reaction liquid was collected from the portions 3, 4
and 5 of the reaction tank 1, the acid value and the saponification value

of those various oil phases was measured, and the glycerin

concentration of the aqueous phases was measured. In portion 3, an
acid value of 155 and a saponification value of 198, in portion 4, an

20 acid value of 181 and a saponification value of 199, and in portion 5, an
acid value of 190 and a saponification value of 200 were measured.

When the rate of hydrolysis was calculated by the equation below, rates

of hydrolysis of 78%, 91% and 95% were determined for the portions 3,

4 and 5.

25
rate of hydrolysis of oil (%) = (acid value / saponification value) x 100

Furthermore, the glycerin concentrations at the portions 3, 4 and 5

were 24%, 16.4 and 15.4%. It should be noted that the breakdown rate

30 of the portion 5 is equal to the breakdown rate of the fatty acid solution

obtained in the fatty acid solution storage tank 11, and the glycerin

concentration in the aqueous phase in the portion 3 is equal to the

glycerin concentration of the glycerin water solution in the glycerin

water solution storage tank 15.

35 Similarly, Table 1 shows the breakdown rates and the glycerin

concentrations that were measured at those portions of the reaction

tank after 40 hours, after 60 hours, after 80 hours and after 100 hours

after beginning to supply the soybean oil.

40 Tablel
reaction time (hr) 20 40 60 80 100

oil portion 78 77 77 77 76

breakdow 3
n rate (%) portion 91 89 89 88 89

4

9
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portion

5

95 93 93 92 93

glycerin

concentr.

(%)

portion
Qo

24.0 23.6 23.1 24.0 23.0

portion

4
16.4 16.4 16.0 15.8 16.2

portion

5

15.4 15.3 15.4 15.4 15.3

Thus, even when a continuous reaction of 100 hours is performed, the

enzyme loses none of its activity, a soybean oil breakdown ratio of 92 to

95% is attained, and the glycerin concentration in the aqueous phase

5 can be sustained at 23 to 24%.
On the other hand, the water component in the fatty acid

solution obtained in the fatty acid solution storage tank 11 was less

than 0.5%. Also the glycerin water that has passed through the

ultrafiltration membrane yielded glycerin water of high quality. Thus, it

10 was found that by using this reaction system, the reaction and the

separation of the reaction products could be performed simultaneously,

while the enzyme could be recovered and recycled with high efficiency,

and a high breakdown ratio could be attained.

15 Comparative Example 1

The continuous hydrolysis of soybean oil was performed using a

reaction tank not having partition plates that partition the reaction tank

into several stages, as used in the reaction tank in Working Example 1.

1 kg of broken down fatty acid (with fatty acid content of 85%)

20 obtained by enzymatically breaking down soybean oil, 1 kg of 20 wt%
glycerin water and 2g lipase (320000 units/g) from Candida cylindracea

were given into the reaction tank, and the reaction was performed while

keeping the reaction tank at 30°C. The ratio of the diameter of the

reaction tank to the diameter of the draft tube 8 is 10 : 6. For the

25 agitator blades, ribbon blades were used, and the stirring was
performed at a circumferential speed of 0.5 m/sec.

The soybean oil was supplied from the bottom of the reaction

tank at a flow rate of 50 g/hr and water was supplied from the top at a

flow rate of 25 g/hr, and a continuous reaction was carried out. That is

30 to say, they were supplied to the reaction tank such that the average

residence time of the soybean oil in the reaction tank is 20 hours, and

the glycerin concentration in the aqueous phase can be kept at about

20%.
Thus, the fatty acids produced in the same manner as in

35 Working Example 1 were continuously retrieved by overflowing, and

sweet water was continuously retrieved from the system after recovering

the enzyme dissolved in the aqueous phase with the ultrafiltration

membrane.
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Table 2 shows the hydrolysis rates of the soybean oil and the
glycerin concentrations that were measured at various reaction times.

Table 2
reaction time (hr) 20 40 60 80 100
oil breakdown rate (%) 86 85 86 85 85
glycerin concentration (%) 20 19 18 19 19

5

Thus, it can be seen that even when continuously reacting for

100 hours, a loss of enzyme activation cannot be observed, but the
breakdown rate of the soybean oil is 85 to 86%, which is much lower
than in Working Example 1

.

10

Working Example 2
Using the same apparatus as in Working Example 1, the

amounts of the initially inserted broken down soybean solution, the 15
wt% glycerin water solution and the enzyme were the same as in

15 Working Example 1, the soybean supply amount was set to the same 50
g/hr as in Working Example 1, but the supply amount of the 15 wt%
glycerine water solution was changed to 25 g/hr. That is to say, the
average residence time of the aqueous phase was set to 40 hours.
Thus, continuous hydrolysis of the soybean oil was performed. Table 3

20 shows the oil breakdown rate and the glycerin concentration at the
various portions of the reaction tank after the various reaction times.

11
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Table 3
reaction time (hr) 20 40 60
oil

breakdow
n rate (%)

nnrtinn

3
60 61 59

nnrtinn

4
85 84 95

portion

5
91 92 91

glycerin

concentr.

(%)

portion

3
33.2 35.2 35.3

portion

4
18.0 18.6 18.3

portion

5
15.7 15.7 15.5

Thus, it was found that by adjusting the supply speed of the
aqueous phase, a high breakdown rate could be maintained and
moreover a high glycerin water concentration could be attained.
4. Brief Description of the Drawings

Fig. 1 is a diagram showing one example of a reaction apparatus
according to the present invention.

1 . . . reaction tank
2 ... heavy liquid phase portion
3 to 5 ... reaction portions

6 ... light liquid phase portion
7 ... filler

8 ... draft tube

9 ... reaction ingredient (light liquid phase) introduction port
10 ... upper baffle plate

1 1 ... reaction product (light liquid phase) storage tank
12 ... dam
13 ... ultrafiltration membrane
14 ... storage tank for reaction product (heavy liquid phase)
membrane treatment

15 ... reaction product (heavy liquid phase) storage tank
16 ... reaction ingredient (heavy liquid phase) storage tank
17 ... reaction ingredient (light liquid phase) storage tank
18 to 21 ... pumps
22 ... lower baffle plate

23 to 24 ... valves

25 ... agitator blades
26 . . . agitator motor
27 ... partition plates in reaction tank
28 ... heavy liquid phase introduction port

29 ... reaction product (light liquid phase) overflow port

12
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30 ... reaction product (heavy liquid phase) outlet port

* * *
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